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IffiMORAKDT J M REPORT 
for 

Army Air Corps 
STATIC CKARACraiSTICS OP CTJRTISS PROPELLERS 
liWING DIFFERENT BLADE SEC^ITONS 
By BLAKE W. CORSON, JR. ,c.nd NICPIOLAS MASTROCOLA 

SUM?/IARY 

Static tests v/ero made on foiu-* full-scale t^vo-bladed 
propellers differing only in blade sections, at blade 
angles from 0^ to 20^ at the three -qf^ arte rs radius. Two 
of the same propellers were tested as tliree bladed pro- 
pellers. The tests were made outdoors under conditions 
of low v;ind velocity. 

The data are analyzed on the basis of a static tlirust 
figure of merit and byDriggs Simplified Propeller Calcu- 
lations, which is a single-point method of reducing pro- 
peller data to airfoil data. Static propeller data are re- 
duced to airfoil data for all of the -oropellers tested. 
These airfoil data for the two three bladed propellers have 
been reconverted to propeller efficiency as a function of 
advance ratio for the purpose of comparing the modified IIACA 
l6-serios blade sections with the Clark Y blade section. 

The propeller v/ith Clark Y blade sections yields 
slightly higher efficiency in take-off and climb than the 
modified l6-serie3 sections. The propeller v/ith modified 
l6-series sections may yield efficiencies higher by 2 
or 3 percent than a similar propeller with Clark Y sections 
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at the Mgli speeds now attainable by some airplanes. 
The double canilDered Clapl: Y gives only slightly lower 
efficlenoy than the modiried l6-sepies section for hJ.gh 
speed and slightly higher effloienoies for take-off. A 

t: 

slight increase in the radii of the leading and trailing v 

. c 
edges of the modified lb-series sections has little effect 

on the behavior of the sections. 

INTRODUCTION 

The tests described in this report constitute one phace 
of an investigation described in reference 1 to check fll^^ht 
tests made for the purpose of determining the relative merits 
of the Clark Y and a modified l6--serles sectiona The tests 
were made on propellers operating at zero for^vard velocityo 
Thrust and power were measured at various propeller tip speeds 
and blade angle settings. The propeller blades used were 
Curtiss blades identical in all respects except blade sections. 
One set of blades had Clark Y sections^ another set v:as made 
with double cambered Clark Y sections, and a third set em- 
bodied modified NACi^ l6-serlss sections. The investigation 
included tests both on two bladed and tiiree bladed propellers. 

As the static test conditions can not be universally rep- 
resentative of conditions of application, the absolute values 
obtained from these tests are not highly significant. The re- 
sults, however, can be very useful for making qualitative com- 
parisons of propellers tested under identical conditions. 



The purpose of this investigation was to determine the 
relative merits of the Clark double cambered Clark Y, and 
NACA 16- series propeller sections under varied Icadinr- and at 
various tip speeds ♦ The propellers are comparea on ihe basis 
of a static thrust figure of merit. As a further analysis, 
use is made of Driggs Simplified Propeller Calculations^ 
reference 2., for reducing the pi'opeller characteristics to 
quasi airfoil characteristics. The airfoil polars so ob- 
ta:incdwere then reconverted into the propeller envelope effi- 
ciency as a function of the advance ratio, for tv/o of the 
propellers . 

This investigation '.vas made at the request of the Army 
Air Corps, vvar Department • The testing v/as done on the 
static test eqiiipment of the rjropeller-re search section of 
the National Advisory Committee for iveronautics at Langley 
Field, Virginia « 

DESCRIPTION CP APPARATUS 
Test r igj- The static propeller- test rig used in this 
investigation, located outdoors, was essentially the same 
as that described in reference 5« I'he major difference in 
the ret-up is that for the present tests an air-cooled radial 
engine furnished the motive power. This engine required a 
nacelle larger than that used in the earlier tests and of 
somev.'hat different shape. A photograph of the set-up is 
shown in figure 1, and a schematic diagram in figure 2. 
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Engine and nacelle ,- In this series of tests the pro- 
peller was driven "by a Pratt and V/hitney R-lJz+O radial air- 
cooled engine. The power rating of this engine is 55^ horse- 
power at 2100 rpm. The propeller v/as driven directly at 
crank shaft speed, and was turned up to 23OO rpm at the lov;-. 
blade-angle settings. The rotational speed of the engine 
and propeller was measured with a condenser tachometer v/hich 
was net in error by more than ±1/2 percent, above 1000 rpm. 

The engine cowling-nacelle coiribination was arranged to 
give as good cooling as v;as compatible v/ith relatively low^ 
impedance to the propeller slipstream. 

Propellers. - Three sets of Gurtiss propeller blades difr • 
fering only in blade section were investigated. The blades 
designated by drawing number J9$06-22S embodied Clark Y sec- 
tions and were tested both as two bladed and three bladed pro- 
pellers. Propeller number IOI536 v;as made with doubld cambered 
Clark Y sections and was tested only as a two bladed propeller. 
Propeller number IOI552 was made with Clark Y sections inboard 
from the O.5O.R stc^tion, and with Nx^Ga l6-series from the O.yOa 
station to the tip. At stations between O.^QR cxnd O.7OH trans- 
ition sections from Clark Y to l6-series sections were used. 
The NAGA l6-series sections, described in reference J4-, have 
relatively sharp leading and trailing edges, and have maximum 
thickness at the mid- chord station. They are designed to 
work efficiently at high speed by delaying the compressibility 



stall. Propeller number IOI552 \vas designed originally 
vv'ltli £.eriously modified l6-series sections. The aodiixcation 
v\ras a large increase in the leading edge and trailing edge 
radii and a corresponding thickening of the leading and trail- 
ing edges^ In this report the Curtiss design l6-series sec- 
tions are designated as the ^^rnodified l6-series^^ sections. 
Blades with these sections v/ero tested as a Uio bladed pro- 
peller. After being tested these blades were returned to 
the factory and the ^i^ectlons from O.'JOR to the tip altered 
to conform more nearly to the true NaCA l6-series shape and 
are designated herein as the rev/orhed l6-series section. 
These reworked blendes were tested both as two bladed and three 
bladed propellers. Blade form curves for the three propel- 
lers are shown in figure i>. Blade sections at the O.7OR 
are shown in figure The section at the P.7OR rather than, 

t.iat at the O.75R was chosen because of the significance of 
the O.7OR station in Driggs^ method of propeller analysis. 

TESTS 

Each test was made at one blade angle setting. Be- 
ginning at about 6OO rpm, the net tiirust, torque, and pro- 
peller rotational speed were measured simultaneously at 
various intervals until the highest speed obtainable under 
2500 rpm was reached. Readings vvere taken at speed inter- 
vals of about 100 rpm at low speeds, and at much smaller in- 
tervals near the top speed. Bach propeller v/as tested at a 
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series of blade angles from 0^ to 20^ by Intervals of approxi- 
mately 2^. The blade angle was measured at three-quarters 
radius. Before and after each run the v/lnd velocity was 
measured with an anemometer. Tests were made only when the 
wind velocity was less than five miles per hour, except in one 
or two tests at high blade angles. 

RESULTS 

The results of the static propeller tests are presented 
in terms of conventional coefficients: 

T^ 



Cm 



, thrust coefficient 



p n^ 



, pov^er coefficient 



T = 
^e 

AD, 



D 



T - AD, effective thrust, pounds 

tent ion in propeller shaft, pounds 

the force exerted by the propeller slipstream 

on txhe nacelle and struts, pounds 
2. rr n Q, engine power, foot-pounds per second 
engine torque, pound - feet 
mass density of air, slugs per cubic foot 
propeller rotational speed, revolutions per 

second 

2R, propeller diameter, feet 
propeller tip radius, feet 
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C rp 

— = static thrust figure of merit 
Cp 

ivl ^ tip speed ratio 

c 

c = speed of sound in air, feet per second 
J = v/nD, advance ratio 

air speedy feet per second 

C m 

T) = — J, propeller efficiency 

C p 
J. 

q - l/'d p , dynamic pressure, pounds per square 
foot 

L, lift, pounds 

D, profile drag, pounds 

S, area, square feet 

Cl = lift coefficient 

q o 

Cj) - ""^^^ profile drag coefficient 
. q u 
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Table I 
Description of the llgurewS. 
1* Piiotograph, static propeller test rig. 
2. Diagram of static thrust and torque set-up» 
3# Blade form curves. ^ 
I4. Propeller blade sections at the O.7OR. 
5 - 16. Variation of static thrust and pov/er 
coefficients v;ith tip-speed ratio 
and blade angle. 
17 - S.tatic propeller characteristics as 

functions of blade angle. 
29 - Comparisons of static thrust figure 

of merit . 

jli - 59- Lift and drag coefficients computed from 

static propeller characteristics. . 
1|.0. Envelope efficiencies coxiiputed by Driggs' method 
from static propeller data. 
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DISCUSS ICN 

In this series of static prope?uler tests, made for com- 
) paring the Clark Y airfoil propeller section v/lth the morll- 

Ij fled and rev^orked lo-serles sections, the Independent vari- 

ables used were blade angle and propeller rotational speed. 
Blade angle was fixed for each test, hence changes In 2oro- 
peller characteristics during a run must be attributable 
only to changing propeller rotational speed. At least three 
factors which affect the behavior of the propeller blade sec- 
tions are functions of the rotational speed. Of first Im- 
portance Is the Inci^ease with tip-speed ratio of the Ifech 
number at which the blade sections work, and the changes In 
blade section airfoil characteristics v/lth 1/Iach number. A 
secondary effect of Increase In rotational speed Is an In- 
crease In the Reynold' s number at which the blade sections 
work. R tnlrd factor, of unknown Influence, Is the tendency 
of the propeller blade to discard by centrifugal force the 
retarded air composing the boundary layer. Both of the latter 
tv/o factors have a beneficial in! luence on the performance of. 
the blade sections. Even at a tip speed much below that for 
normal operation most of the propeller sections work at values 
of the Reynold's number greater than the critical; hence as 
the Reynold's number is increased blade section profile drag 
coefficient is reduced and maximum lift coefficient is in- . 
creased. Centrifugal force ioay act to remove a pc.rt of the 
air in the boundary layer; this would delay the normal stall. 
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Apparently the only adverse effect acccmpanyln^ high pro- 
peller tip speed- is due to the behavior of airfoils in compres- 
sible flow as the air speed a,jproacheE the acoustic velocity. 
Vv'ind- tunnel teste, reference 5, have shown that both the lift 
and- drag, coefficient r.: of tin airfoil increase with increasing. 
Mach number until a critical value is reached. This value 
is oelieved to be reached when the local air velocity at, some 
point on the airfoil is equal to the acoustic velocity. hs 
the I.lach number is increa^jed beyond the critical value the 
lift coefficient decreases while the drag coefficient increases 
more rapidly than it does at subcritical values of the Mach 
number. Only the net influence of the several factors is 
measured by static pro,..eller tests. Therefore, the adverse 
effect of air coraores Libllity on blade section behavior at high 
tip speed, bein^^ ju. :.l^lly off:iet by beneficial factors, is 
not as fully dis.Gernitle from static propeller tests as from 
wind-tunnel tests on airfoils. 

While the tests vvere being made it was noticed during 
each run. that the character of the noise emitted by the engine 
and propeller began to change from a roar to a penetrating 
note at about IdOO rpm. The propeller diameter was ten feet. 
This may indicate that the first shock waves are set .up at 
the propeller tips at a tip speed ratio of aoout M = 0.62. 
The region of the propeller blade tip producing a shock wave 
spreads inwardly as the tip speed ratio increases. Since the 
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highest value of the tip speed ratio obtained in these tests 
was M = I-O5, only those sections at radii greater tlian O^YdR 
were v-orklng at a value of Mach number greater than 0o32. 
The effect of compressibility indicated in the figures v/as 
produced in most cases by a relatively small outer portion 
of the propeller blades. 

The basic pitcli distribution for the propeller blades 
sub.iect to these tests was about 20^ at the tiiree-quart or s 
radius. This pitch distribution will give highest propel- 
ler efficiencies within a range of advance ratio oetween 
J - Oe75 J ^ lo50, h high basic pitch distribution re- 

sults in a tendency for a propeller in static tests to yield 
less thrust for a given power than a similar propeller with 
less blade twist. It is this fact which discredits the pro- 
peller polar s and efficiency curves computed by the single 
point method from the results of static tests and confines 
their usefulness to qualitative comparisons. 

The data presented in the figures have been corrected 
for any small mean wind velocity that held during the tests. 
The variation of static thrust coefficients with tip speed 
ratio shown in figures 5, 7. 9. 15. and I5 agrees with 

the results of wind-tunnel "tests on airfoils. The increas- 
ing static thrust coefficient with increasing tip s,jeed ratio 
incicates that, when blade sections near the tip are working 
at positive lift, the lift coefficients increase with 
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increasing Mach number up to a certain point. The lower rate 
of increase of the static thrust coefficient as tip- speed 
ratios approach unity indicates a decrease of the lift coef- 
ficients of sections near the blade tip as the Mach number at 
which they operate approaches unity. The increasing static 
thrust coefficients with increasing tip- speed ratio produced 
at hi^h blade angles even at low values of the tip-speed ratio 
may be partially attributable to Reynold's number effect and 
to the beneficial action of centrifugal force in throwing off 
dead air from the stalled region of the propeller . 

The variation of static power coefficient with tip-speed 
ratio shown in figures 6, 3, 10, 12, Ikf and l6, also agrees 
with wind-tunnel tests on airfoils. The slight decrease of 
the static power coefficients with increasing tip speed ratio 
at low values of ti..3 tip- speed ratio may be due to decreasing 
drag coefficients of the blade sections "'ith increasing.^Reynold ' 
number. For the blade settings which yield positive lift near 
the tip the gradually increasing po\ver coefficients at tip- 
speed ratios of about I.I = O.7 or M - 0.8 again indicate the 
increase of lift and drag coefficients of airfoils working at 
Mach numbers below the critical. The sharper rise of the 
power coefficients, for all blade settings, as the tip-speed 
ratio approaches unity is comparable to the rapid increase of 
airfoil drag coefficients as the Mach number approaches unity. 
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Figures 1? through 26 are cross plots of figures 5 to l6, 
inclusive, at tlp-s:ooed ratios of M = 0.9 and M = loOo The 
static tnrust cind power coefficients and static thrust figure 
of merit are shown as functions of blade angle at tie tiiree- 
quartcrs radius. The sixnilarity of this manner of present- 
ing propeller data to airfoil lift and drag coefficients as 
functions of angle of attack is pointed out in reference 5. 

The relative merits of propeller sections may be shown 
best by the comparison of properties independent of blade 
angle. Figures 29 through :)5 present comparisons of the 
static thrust figures of merit plotted against power coef- 
ficient at values of tip-speed ratio of M - 0*7, O.9, 
1.0, and 1.1. A study of these figures leads to the follov;- 
ing generalizciti-cns : 

(1) There is little difference between the behavior of 
the reworked 16- scries sections and that of the modified I6- 
series sections. 

(2) The double-cambered Clark Y section gives results 
very similar to those for the reworked l6-series sections^ 
though slightly inferior. 

(5) At low tip- speed ratios and under high loading the 
single-cambered Clark Y section is superior to all other sec- 
tions used in these tests. 

ik) At high tip- speed ratios both the modified and re- 
worked 16-series sections are superior to the Clark Y sections. 



(5) Under small load a two-bladed propeller gives more 
thrust per horsepower than a three-blacked propeller, but under 
high loading the reverse is true. 

In actual flight the propeller tip-speed ratios encountered 
most frequently are close to M = Oo9, and at that tip-speed 
ratio the data presented here are most reliable. The static 
thrust figures of merit in figure Jl for M =0.9 show that 
over a small range the reworked 16- series section is siiperlor 
to the other sections; the modified l6-series section is good 
over a broader range of power coefficient, the double-cambered 
Clark Y is only slightly Inferior to the modified l6-series 
section; and the j^ingle- cambered Clark Y shows up to advantage 
only at the high values of the power coefficient. In figure 
52, at a tip-speed ratio of I.I = 1.0, both the xnodified and 
reworked l6- series sections shov; v/orthwhile superiority over 
the Clark Y sections over the range of power coefficients ob- 
tainable in these tests. In the range of tip-speed ratios 
from M - 0.9 to M = 1*0, which is realized in practice at 
high altitude, the mean superiority of the l6- series section 
over the single-cambered Clark Y propeller section appears to 
be about three percent. The computed propeller lift coef- 
ficients corresponding to the range of l6-'series superiority 
lie between Cj_^ - 'J.J and C^ - 0^6. At higher lift coef- 
ficients obtained during take-off and climb the Cl^-rk Y pro- 
peller section is superior except at very high tip-speed ratios. 



The trend of the curves in figures ^1, 32, and 33 indicates 
that at very high values of the power coefficient the Clark 
Y propeller may be superior to the l6-serles propeller even 
at high values of the tip-s^eed ratio. 

Such low power was available for the present tests that 
high tip-speeds could not be attained at high blade angles 
and the effect of blade stalling does not shov/ up at high 
tip-speed ratios as markedly as at the low tip-speed ratios 
and higher blade angles. In a report by the Curtiss Com- 
pany of flight and Wright Field static tests of the subject 
propellers, reference 6, the results of tests using higher 
power coefficients are reported. The following values are 
taken from this reference. 

Blade sectio n Clark Y Clark Y and l6"Series 

Thrust/horsepov/er 5.0d 2.78 

Percent lOOaO 9O.O 

The foregoing values were obtainea with a three-bladed 
propeller when Cp = O.IO3 and M ~ Cdli in standard air, 
and correspond to the following values of static thrust figure 
of merit and computed propeller lift coefiicientj 
Blade section Clark Y Clark Y and I6- series 



The above comparison indicates the superiority of the 
Clark Y propeller over the l6-series propeller v/hen operating 




1.25 



1.68 



1.11 



1.32 
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at high values of the lift coefficient encountered at take- 
off and during climb. This is in agreement with the results 
of wind-tunnel tests re^jorted in reference 1. 

A similar comparison of three-bladed propellers having 
Clark Y and l6-series sections is presented in table II. The 
peak values of the thrust figure ,of merit and the corresponding 
values of pov/er coefficient v;ere taken from figures 29 through 
55. 



Table II 





CLkRK Y 


i 


CLARK Y AND 16-3ERIES 

1 


M 




Crp/O-, 


c 


L 


Percent ; 


i Cd 


C^/Cp 




Percent 


0.5 
0.7 
0.9 

1.0 

1.1 


0.020 
0.013 

0.017 

0.020 

0.050 

j 


2.75 
5.00 

2.95 
2.61 

1.95 


00000 


56 

55 
53 
5k 
53 

1 


97 
100 

97 
92 


0,017 
0.015 
0.018 

0.020 
0.029 


2,85 
3.01 
5.05 
2.85 
2.52 


0,52 
0.50 
0.56 
0.57 

O.Ik 


100 
100 
100 
100 
100 



This latter comparison shows that a propeller embodying 
16-series sections will yield about three percent more thrust 
than a Clark Y propeller of similar form mien operating condi- 
tions are such that the blade sections v/ork at lift coefficients 
between C£^ ~ 0.$0 and Cj^ ~ O.I|Oo 

The results in taole II are encouraging in that they indi- 
cate the design possibilities of the RaCA l6-series sections. 
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The tip sections of propeller No. IOI532, Identical with 
those for propeller I\io. IOI35O, \ieve the rev/crked l6-5je;.ies 
sections designed to operate best at lift coefficients be- 
tween Cl = 0-50 and Cl = O.ijO. These design lift coeffi- 
cients are given in reference 7^ ^^nd are plotted in figure 5« 
The propeller lift coefficients for the reworked 16- series 
propeller computed from these static tests at peak values of 
static thrust figure of rr.erlt are bracketed betvieen C-^ - O.5O 
and Cr = Oelii}., and are practically identical with the design 
lift coefTicients . In thie rarire of lift coefficient values 
the rev/crked l6-?erie.^ eecticns are superior to all other sec- 
tions used in these tests. Inasinuch us the NACa 16- series 
sections can be designed for best operation at any reasonable 
value of the lift coefficient, reference li, it is reasonable 
to believe that a propeller can be made embodying the NACA l6- 
series sections which v.^ill be superior to any similar propel- 
ler erabcdying Clark Y sections, when operating conditions are 
such that the design lift coefficients are realized- The 
range of lift coefficient values for superior perf or.T.ance of 
the Ni^CA 16- series sections extends appreciably in both direc- 
tions from the design value. It is possible that propeller 
1^0, 101;:}.i would have sho^.vn up much better lor take-off and 
climb with little sacrifice of efficiency at high speed if 
the tip sections had been designed for optimum operation at 
higher values of the lift coefficient. PV.rther improvement 
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in take-off and cllmtiing characteristics may be had by taking 
advantage of the good high speed operation of l6-seriee sec- 
tions and using higher tip speeds, and by Increasing the blade 
area. 

Propeller efficiency is equal to the product of thrust 
figure of merit multiplied by advance ratio, - Cij/Cp x j). 

The value of the thr-ust figure of merit necessarily decreases 
as the advance ratio increases. If the relative values of 
the thrust figures of merit of the sections do not change with 
advance ratio, about three percent greater maximum efficiency 
may be expected of a propeller embodying the rev/orked l6-series 
sections than from one made with the single cambered Clark Y 
sections, when the tip-'Speed ratio is close to M = O.9 or 
M = laO. 

In static tests the axial velocity through the propeller 
is relatively small. Vvhen a propeller is in actual operation 
advancing at a normal high speed, the blade section resultant 
velocity of rotation and advance is considerably higher than 
the velocity due to rotation alone and consequently the region 
of the pro.:eller tip suffering a comoressional loss extends 
considerably farther inboard. The propeller losses at high 
tip-speed ratios Indicated by static tests will most likely 
be exceeded in flight. 

The lift and profile drag coefficients computed by the 
method given in reference 2 from static propeller characteristics 
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are presented as pC'lars in I'lgures yk through y9 . These of 
necessity yield the same information as the static thrust 
figure of merit comparisons, though in a more familiar form. 
This method of propeller blade section analysis regards the 
propeller as an airfoil acting at the seven-tenths radius 
station. For all blade sections the value of the minimum 
drag coefficient does not change much In the interval of tip- 
speed ratios from M = O.5 to M ^ O.9. The drag coeffi- 
cients increase rapidly with increasing tip-speed ratio when 
the value of the latter exceeds 11 = 0,9. 

The polar s in figures 5^4- to 59, Inclusive, do not repre- 
sent absolute values of the airfoil characteristics, but are 
for comparison only. The unusually large values of the drag 
coefficients shown by these ^^olars may be due both to tlie pro- 
peller pitch distribution and to impedance to the propeller 
slipstream by the cov/ling and nacelle. 

The polars for the three-bladed propellers shown in 
figures 35 and 39 have been UL,ed in ap, .lying Drlggs^ method 
for computing pro.^jeller efficiency ertvelopes. Since the 
polars show only relative values, the computed efficiency 
curves likewise cun shov'/ only relative values. The absolute 
values near maximum efficiency are about elgiit percent lower 
than those obtained in wind-tunnel tests on the saxae propel- 
lers with a well streamlined body, reference 1. Figi^re kO 
shows a comparison of the coiivuted envelope efficiency curves 
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of two three-bladed propellex-s , members lOlpJ^ 'j.nd j9^0o-2^S, 
identical in all respects except blade section. The assuiaed 
power available is that which maj be obtained from a IIGO horse- 
power engine. The 10 foot I4. inch diaueter propeller is 
assumed to operate at 1^00 rprn. In these computations the 
actual jjropeller tip-speed ratio v/as u: ed rather than rota- 
tional tip-speed ratio. 

Figure l\.0 pres.ents relative efficiencies at sea level. 
Due to the low maximum lift coefficients obtainable V'/ith the 
reworked l6-series. tip sections the Clark Y propeller is 
superior at the low values of advance ratio encountered during 
take-off and climb. At high values of tiie advance ratio V'/here 
the blade sections work at lov;er lift coefficients and where 
the effect of coiiipressibility becomes noticeable the propeller 
having I6- series sections is ii.ore efficient. The two pro- 
pellers are apparently of equal efficiency cxt sea level at a 
value of the advance i*atio of about J = 1.7. At practical 
values of the advance ratio above J - lc7 the lb-series pro- 
peller may yield as much as two percent higher efficiency than 
the Clark Y propeller at sea level, and as mucn as three per- 
cent higher at 1^,000 feet altitude v/nere greater tip-sueed 
ratios obtain. 

REMARKS 

1» For all of the propellers tested the highest value 
of the static tnriist figure of ^aerit occurred at a tip-speed 
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ratio between M = O.7 and M = 0.9; hence in flight highest 
efficiency may be expected in the same range of -tip-speed 
ratios, 

2. There is little choice between the reworked l6-series 
sections and the modified l6~ series section with rounded lead- 
ing and trailing edges. Both are superior to the Clai'k Y 
sections in the region of peak value of the thrust figure 

of merit, i.e., "under small load. 

3. The double-camberod Clarl: Y section is similar in 
behavior to the l6-S3rles sections; the efficiency is 
lower at the peak static thrust figure of merit but 
higher at relatively high values of the power coefficient. 

I4-0 The propellers having modified and reworked lo-series 
blade sections were found to stall at lov^er values of the lift 
coefficient than did the propeller with single-cambered Clark 
Y sections, at low values of the tip-speed ratiOo This 
agrees with wind-tunnel tests which indicate the superiority 
of the Clark Y propeller for take-off and climb. On the basi 
of these static tests the superiority of the Clark Y propeller 
for take-off and climb holds for values of tip-speed ratio les 
than M •= 0.9. 

5. Envelope propeller efficiencies computed from these 
static data indicate that a Clark Y propeller of the design 
tested yields appreciably higher efficiency during take-off 
and climb than a similar propeller with rev/orked I6- series 
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sections* The 16-serles propeller shows one or two percent 
higher efficiency tiian the Clark Y propeller at high speeds 
attainable v/ith airplanes nov/ existent, and a possible greater 
gain vvhen used with higher speed airplanea. 

6. It is to be understood that the conclusions reached 
from these tests with regard to the l6-seri6s sections applies 
only to sections designed to operate most effectively at lift 
coefficients between Cj^ - O.5O and = O.i+O. 

7. - It- is probable that better take-off and climb opera- 
tion could be obtained from a l6-series propeller designed to 
operate best at higher values of the lift coefficient than those 
for v;hich the subject propeller was designed. 

8. Redesign of the l6-series propeller with greater blade 
area and for higher tip speeds might produce a propeller with 
much better take-off characteristics with little sacrifice of 
efficiency at high speed* 

Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va,, August 27, 191+1. 



- 25 - 



REPEREITCES 



1. Gray., W. H. : Wind-TTmnel Tests of Pour Cv-rtlso propellers 

Srabod^i-ng Different Blade Sections. NACA m, 
A-ug. 21, I9ILI. 

2. Drigf-s, Ivan H. : Simplified Propeller Calculations, Jovir. 

Aero. Scl,, vol. no. 9, July 193^^^ PP* 331 '^kk* 

3. Hartman, Edwin P. j and Blorniam David: Static Thrust and 

power Characteristics^ of Six Full-scale Propellers. 
NACA Rep. No. 63k, 19^0. 

L. Staclr, Joion: Tests of Airfoils Designed to Delay the com- 
pressihllity Burble. NACA Til No, 976, Dec. 19hk' 
(Reprint of ACR, June 1959') 

5. Stack, John, Lindsey, W. P., and Littell, Robert E. : The 

Ooiiroresslbliity Burble and the Effect of Compressibility 
on Pressures and ^Forces Acting on an Airfoil. 
NACA Rop. No, Qxb, 1958. 

6. Anon.: GowDarison of Plight Test on Propellers Using 

GT ark-Y,^ N.A.C.A.-16 and Combination Clark-Y and 
N.A.C.A.-I6 profiles. Rep. No. C-1123, Curtiss 
Propeller Dlv. , Curtis s-yj-right Corp., Nov, 11, 19i].0. 

7. Anon.: Aerodvnamic Analysis of Curtiss Propeller Blade 

Designs 89506-22S and IOI55O as Applied to the Normal 
^max Plie^t Condition of the Curtiss Hawk 75A. 
Rep. No. C-1083, Curtiss propeller Div, , 
Cui^'tiss-Vi/rlght Corp. , June 3, 19h^' 





Figure 1.- Static propeller test rig. 
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Figure Z." Diagram of sMic ihrust and tot<^ue. sef-up. 
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